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METHOD AND APPARATUS FOR FAST DETECTION OF LOCATIONS OF 
PATH RAYS IN A RECEIVER HAVING MULTIPLE TIME REFERENCES 

5 BACKGROUND 

This invention relates generally to a method and apparatus for detecting a received 
signal in a communication system. More particularly, this invention relates to a method 
and apparatus for detecting locations of path rays in a multi-path receiver having multiple 
time references. 

1 0 FIG. 1 is a block diagram of an exemplary cellular radiotelephone system, 

including an exemplary base station (BS) 1 10 and a mobile station (MS) 120. Although 
denoted a "mobile station", the station 120 may also be another type of remote station, 
e.g., a fixed cellular station. The BS includes a control and processing unit 130 which is 
connected to a mobile switching center (MSC) 140 which in turn is connected to a PSTN 

15 (not shown). General aspects of such cellular radiotelephone systems are known in the 
art. The BS 1 10 handles a plurality of voice channels through a voice channel transceiver 
150, which is controlled by the control and processing unit 130. Also, each BS includes a 
control channel transceiver 160, which may be capable of handling more than one control 
channel. The control channel transceiver 160 is controlled by the control and processing 

20 unit 130. The control channel transceiver 160 broadcasts control information over the 
control channel of the BS or cell to mobiles locked to that control channel. It will be 
understood that the transceivers 150 and 160 can be implemented as a single device, like 
the voice and control transceiver 170, for use with control and traffic channels that share 
the same radio carrier. 

25 The MS 120 receives the information broadcast on a control channel at its voice 

and control channel transceiver 170. Then, the processing unit 180 evaluates the received 
control channel information, which includes the characteristics of cells that are candidates 
for the MS to lock on to, and determines on which cell the MS should lock. 
Advantageously, the received control channel information not only includes absolute 
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information concerning the cell with which it is associated, but also contains relative 
information concerning other cells proximate to the cell with which the control channel ii 
associated, as described for example in U.S. Patent No. 5,353,332 to Raith et al. ? entitled 
"Method and Apparatus for Communication Control in a Radiotelephone System". 
5 Modern communication systems, such as a cellular radiotelephone system of the 

type described above and satellite radio systems, employ various modes of operation 
(analog, digital, dual mode, etc.) and access techniques such as frequency division 
multiple access (FDMA), time division multiple access (TDMA), code division multiple 
access (CDMA), and hybrids of these techniques. 

1 0 In North America, a digital cellular radiotelephone system using TDMA is called 

the Digital Advanced Mobile Phone System (D-AMPS), some of the characteristics of 
which are specified in the TIA/EIA/IS-136 standard published by the 
Telecommunications Industry Association and Electronic Industries Association 
(TIA/EIA). Another digital communication system using direct sequence CDMA is 

15 specified by the TIA/EIA/IS-95 standard. There are also frequency hopping TDMA and 
CDMA communication systems, one of which is specified by the EIA SP 3389 standard 
(PCS 1900). The PCS 1900 standard is an implementation of the GSM system, which is 
common outside North America, that has been introduced for personal communication 
services (PCS) systems. 

20 Several proposals for the next generation of digital cellular communication 

systems are currently under discussion in various standards setting organizations, which 
include the International Telecommunications Union (ITU), the European 
Telecommunications Standards Institute (ETSI), and Japan's Association of Radio 
Industries and Businesses (ARIB). 

25 Direct-sequence (DS) spread-spectrum modulation is commonly used in CDMA 

systems, in which each information symbol is represented by a number of "chips." 
Representing one symbol by many chips gives rise to "spreading," as the latter typically 
requires more bandwidth to transmit. The sequence of chips is referred to as the 
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spreading code or signature sequence. At a DS receiver, e.g., a Rake Receiver, the 
received signal is despread using a despreading code, which is typically the conjugate of 
the spreading code. IS-95 and J-STD-008 are examples of DS CDMA standards. 

In the mobile radio channel, multi-path is created by reflection of the transmitted 
5 signal from obstacles in the environment, e.g., buildings, trees, cars, etc. In general, the 
mobile radio channel is a time varying multi-path channel due to the relative motion of 
the structures that create the multi-path. 

A characteristic of the multi-path channel is that each path through the channel 
may have a different phase. For example, if an ideal impulse is transmitted over a multi- 
10 path channel, each pulse of the received stream of pulses generally has a different phase 
from the other received pulses. This can result in signal fading. 

In a CDMA system, signal fading is combated by combining the pulses received 
over multiple paths using a Rake Receiver. Typically, the channel is modeled as discrete 
MS. The locations of the received signal path rays are first found by using a searcher, 
15 and then these path rays are combined by using a maximum ratio combiner. A tracker is 
used to track the locations of the path rays. 

FIG. 2A illustrates a typical DS-CDMA system including a Transmitter 200 and a 
Receiver 250. The Transmitter 200 includes a Spreader 210, a Modulator 220, and an 
antenna. The Spreader 210 spreads the signal to be transmitted, and the Modulator 220 
20 modulates the spread signal on a carrier frequency. The modulated signal is then 
transmitted via the antenna in the Transmitter 200. 

The Receiver 250 includes an antenna, an RF Pre-Processing unit 230, a Rake 
Receiver 240, and a Post-Processing unit 250. The transmitted signal is received via the 
antenna in the Receiver 250. The RF Pre-Processing unit 230 tunes to the desired band 
25 and desired carrier frequency, then demodulates, amplifies, mixes, and filters the signal 
down to baseband. 
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The Rake Receiver 240 despreads the demodulated signal and detects the digital 
symbols that were transmitted. It may produce soft information as well, which gives 
information regarding the likelihood of the detected symbol values. 

The Post-Processing unit 250 performs functions that depend highly on the 
5 particular communications application. For example, it may use the soft detected values 
to perform forward error correction decoding or error detection decoding. It may convert 
digital signals into speech using a speech decoder. 

An MS, in the active mode, transmits and receives data. In the active mode, the 
MS uses a crystal oscillator with high accuracy and low phase noise as a reference clock. 
10 For instance, in the Global System for Mobile Communications (GSM), it is proposed to 
use a 13 MHZ crystal with high accuracy dining the time the MS is awake. This crystal 
is synchronized with the BS to provide synchronous transmission and reception. This 
kind of crystal consumes a relatively large amount of current and is not necessary when 
the MS is, e.g., asleep in the idle mode, not receiving or transmitting data. 
1 5 The MS only wakes up once in a while in the idle mode to listen to the Paging 

Channel (PCH) in order to receive paging messages from the BS. Hence, a crystal with 
low accuracy and low current consumption can be employed when the MS is asleep. An 
example of such a crystal is a Real Time Crystal (RTC), which is a 32 KHz crystal. An 
RTC has high phase noise and is much more sensitive to temperature variations than, e.g., 
20 a 13 MHz crystal. Employing this crystal is feasible in the sleep mode since the MS 
needs only to have knowledge about the time. 

When the MS wakes up to listen to the PCH, the crystal with high accuracy and 
also high current consumption can be used. Since the wake up time is only a small part of 
the total time (if the MS is not paged), by switching between these crystals the MS can 
25 save power, thereby increasing its standby time. 

It is known to use different clocks in different modes. For example, GB 232 4681 
discloses a method for conserving energy by entering a lower power sleep mode. A clock 
with coarse resolution is used while the MS is in an idle mode. An offset between this 
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clock and a fine resolution clock is determined. This offset is adjusted when the MS exits 
the low power sleep mode. The sleep time is measured using the coarse resolution clock 
so that the MS prewakes up to initiate matching signals to the pseudorandom noise (PN) 
code. 

5 While switching from the crystal with low accuracy to the crystal with high 

accuracy conserves current, this affects the locations of the path rays. Due to the 
inaccuracy of the crystal which is used during the idle mode, the locations of the path rays 
may be lost when the MS is asleep during the idle mode and thus may not be able to be 
tracked when the MS wakes up again. In a CDMA system, this is considered to be a 
10 dilemma since the locations of the path rays are not trackable any longer, and the searcher 
must be activated every time the MS wakes up to locate the path rays. 

Techniques have been proposed for detecting locations of path rays. For example, 
U.S. Patent No. 5,790,589 discloses a method for locating a path ray by locating the PN 
code phase offset by initiating a search window on its expected location. The search 
15 window is re-located if the code phase offset is not detected. This patent does not address 
the use of multiple time references. 

There is thus a need for an efficient and fast method for detecting the location of 
path rays in a multi-path receiver using multiple time references. 

20 SUMMARY 

It is therefore an object of this invention to provide a technique for detecting 
locations of path rays in a multi-path receiver having multiple time references. 

According to exemplary embodiments, this and other objects are met by a method 
and apparatus for detecting the locations of path rays in a multi-path receiver having 
25 multiple time references. Locations of received path rays are searched for and 

determined. The locations are tracked for a predetermined amount of time. If the 
locations are lost after a predetermined amount of time, a new search for the locations of 
the received path rays is initiated. Searching may be performed by determining a 
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probable location of a most significant path ray, shifting the location within a 
predetermined interval, analyzing each shifted location to determine whether the shifted 
location corresponds to the actual location of the received path ray, and depending on the 
analysis results, completing the search or determining a probable location of a next most 
5 significant ray. The analysis of each shifted location may be performed by correlating 
each shifted location with a pilot sequence and determining if the correlation results 
exceed a predetermined threshold. If the correlation results do not exceed the threshold, 
a determination is made whether all the most significant path rays have been analyzed, 
and if so, a complete search for the path ray location is initiated. The steps may be 

1 0 initiated when the receiver switches from a time reference of low accuracy to a time 

reference of high accuracy. When switching from a time reference of low accuracy to a 
time reference of high accuracy, the low accuracy time reference may be calibrated to the 
high accuracy time reference based on averaged measurements of the ratio of clock cycles 
of the time reference of high accuracy to the clock cycles of the time reference of low 

15 accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of this invention will become apparent by 
reading this description in conjunction with the accompanying drawings, in which like 
20 reference numerals refer to like elements and in which: 

FIG. 1 is a block diagram of an exemplary cellular radiotelephone communication 
system; 

FIG 2A illustrates a typical DS CDMA system; 

FIG. 2B illustrates a Rake Receiver in which the invention may be implemented; 
25 FIG. 2C illustrates phase offset and the distance between different path rays; 

FIG. 3 illustrates a method for detecting locations of path rays in a multi-path 
receiver according to an exemplary embodiment. 
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DETAILED DESCRIPTION 

For illustrative purposes, the following description is directed to a cellular radio 
communication system, but it will be understood that this invention is not so limited and 
applies to other types of communication systems. 
5 FIG. 2B illustrates an exemplary Rake Receiver in which the invention may be 

implemented. The Rake Receiver 240 comprises a Searcher 260, Rake Fingers 270, a 
Path Tracker 280, and a Combiner 290. The Searcher 260 detects the locations of the 
multi-path rays, and each Rake Finger 270 is assigned a path. The Rake Fingers 270 
estimate the corresponding radio channel for the respective paths. The results are then 

10 combined using the Combiner 290. The Searcher 260 may include, e.g., matched filters 
and a peak detector. Path rays are correlated with a certain pilot sequence, resulting in 
peaks which indicate the location of the path rays. These peaks are detected by the peak 
detector. The correlations and peak detections make the Searcher 260 computationally 
complex, and it is desirable to limit its duty cycle. 

1 5 Conventionally, the locations of path rays are detected only once and then are 

tracked as long as possible by using the Path Tracker 280. This presents a problem if the 
path rays are lost, e.g., when changing from a low accuracy crystal to a high accuracy 
crystal when the MS wakes up to listen to the PCH. 

In order to avoid complete searching, the MS can calibrate the sleep mode crystal 

20 by using the awake mode crystal when the MS wakes up. This calibration may be based 
on the measurement and comparison of clock cycles between the crystals. This 
calibration can take a long time due to the high phase noise of the crystal used in the sleep 
mode. This is not desirable since the MS should go back to sleep as soon as possible. 

According to an exemplary embodiment, the calibration time may be reduced by 

25 averaging several short measurements of clock cycles. The averaging can be performed 
using, e.g., an Finite Impulse Response (FIR) filter in which a certain number of 
measurements is used or as an Infinite Impulse Response (IIR) filter, in which 
substantially all the measurements are used. The ratios of clock cycles for the high 
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accuracy clock to each low accuracy clock cycle can be measured and averaged, and the 
corresponding temperature can be measured. The averaged ratio and the corresponding 
temperature may be recorded in a temperature compensation table. The number of clock 
cycles of the low accuracy clock and the number of clock cycles of the high accuracy 
5 clock that should elapse between paging periods are calculated from the ratio. Based on 
the measured temperature and by referring to the compensation table, the phase offsets 
caused by temperature variation may be accounted for. 

According to exemplary embodiments, there are a number of phase offsets caused 
by the multi-path rays. The phase offsets are grouped, e.g., according to significance 

10 based on signal-to-interference ratio (SIR), signal-to-noise ratio (SNR), or amplitude of 
the multi-path rays. It is assumed that the positions of these phase offsets do not 
significantly change in relation to each other within a certain short amount of time, for 
instance when the MS transitions from the wake up state to the sleep state and then back 
to the wake up state. Therefore, in each search window, there are several opportunities to 

15 locate the phase offsets by locking on one of them, e.g., the most significant one, and then 
searching for the others in the expected locations. 

FIG. 2C illustrates the locations of different path rays, with the horizontal axis 
representing time, and the vertical axis representing power. The solid lines represent the 
locations of path rays at time t 1? e.g., during a wake up state, and the dashed lines 

20 represent the locations of path rays at time t 2 , e.g., during a sleep state. As can be seen 
from FIG. 2C, after filtering, the distances between the different path rays are the same 
within a short period of time, but the inaccuracy of the low accuracy clock produces a 
phase offset. Thus, when a significant ray has been found, the locations of the other rays 
can be determined with high accuracy. To adjust for the small changes in the distances 

25 between the rays, the path tracker is activated. 

Having averaged an adequate number of measurements, the crystal with low 
accuracy can be calibrated so that the shift of the MS time reference is limited within a 
small number of path ray locations +M.. One of the locations indicates the real shift of 
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the time reference. To determine the new time reference, the location of the most 
significant path-ray from previous observations is shifted within the interval {-M, -M + 1, 
... , M} and analyzed to determine if a location within the interval corresponds to the 
actual location of the received most significant path ray. 
5 If the time reference is found by finding one of the path rays, the locations of 

other path rays are found based on the relative distances between the found path ray and 
the other path rays. These relative distances are known and were available before the MS 
went into the sleep mode. The possible minor shifts of other path rays relative to the 
found path ray one can be adjusted by minor shifts of the correlator and comparing the 
10 results. 

If the analysis fails, the location of the next most significant path-ray is analyzed. 
This task is repeated until the actual location of a path-ray is determined, indicating that 
the shift of the time reference of the MS is detected. Then, the time shift of the MS is 
adjusted, and the path tracker is then activated. However, if the analysis fails when 

15 having studied the locations of the N most significant path rays, the MS time reference is 
considered to be lost, and a complete search for the ray locations is then activated. 

According to an exemplary embodiment, the most significant path-ray can be, 
e.g., the most significant one based on SIR, SNR, or amplitude. The analysis for 
determining the reference time shift can be, e.g., based on a correlation of the received 

20 data to the known received pilot signals. The number N can be chosen in such a way that 
the correlators' complexity does not exceed that of the complete search. 

FIG. 3 illustrates a method for detecting a path ray in a receiver according to an 
exemplary embodiment. The method starts at step 300 at which the low accuracy crystal 
is calibrated with the high accuracy crystal. At step 305, measurements between time 

25 references of the crystals are averaged. At step 3 10, a determination is made whether the 
averaging is adequate, depending, e.g., on a desired level of accuracy. If not, the process 
returns to step 300. If the averaging is adequate, a process variable k is set to zero at step 
315. Then, at step 320, the location of the most significant path ray is determined. At 



-10- 

Attomey Docket No. 040070-990 

step 325, the path ray location is shifted by -M, M, and each shifted location is 
analyzed. For example, the shifted path ray locations are correlated with a known pilot 
sequence. At step 330, a determination is made whether the correlation result is greater 
than a predetermined threshold. If not, k is incremented by 1 at step 335, and a 
5 determination is made at step 340 whether k is less than or equal to N, i.e., a 

determination is made whether the N most significant path rays have been analyzed. If k 
is less than or equal to N, the most significant path ray is removed at step 345, and the 
process returns to step 320. If, at step 340 it is determined that k is not less than or equal 
to N, a complete search is initiated at step 350. If at step 330, the correlation is found to 

10 be greater than the threshold, this means that the actual received path ray location has 
been found, and the time reference of the MS is accordingly adjusted at step 355. After 
the time reference is adjusted at step 355 or the search for the path ray location is 
completed at step 350, the process proceeds to step 360 at which the path tracker tracks 
the locations of the path rays. 

15 This method can be implemented, e.g., in a microprocessor in the searcher or 

elsewhere in the multi-path receiver. 

According to exemplary embodiments, a method and apparatus are provided for 
detecting a location of received path rays in a multi-path receiver having multiple time 
references. 

20 It will be appreciated by those of ordinary skill in the art that this invention can be 

embodied in other specific forms without departing from its essential character. The 
embodiments described above should therefore be considered in all respects to be 
illustrative and not restrictive. For example, although described above with reference to a 
CDMA communication system, the invention is also applicable in other types of 

25 communication systems. 
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WHAT IS CLAIMED IS: 



1 . A method for detecting locations of path rays in a multi-path channel 
receiver having multiple time references, the method comprising the steps of: 
5 searching for locations of received path rays; 

determining the locations of the received path rays; 

tracking the locations of the received path rays for a predetermined amount of 

time; and 

if the locations are lost after the predetermined amount of time, initiating a 
10 new search for the locations of the received path rays. 



2. The method of claim 1, wherein the step of searching includes: 
determining a probable location of a most significant path ray; 
shifting the location within a predetermined interval; 
1 5 analyzing each shifted location to determine whether the shifted location 

corresponds to the actual location of the received path ray; and 

depending on the analysis results, completing the search or determining a 
probable location of a next most significant ray. 



20 3. The method of claim 2, wherein if the shifted location corresponds to the 

actual location of the received path ray, the step of completing the search comprises 
locating the other path rays based on the knowledge of relative distances between he 
located path ray and the other path rays. 



25 



4. 



The method of claim 2, wherein the step of analyzing includes: 
correlating each shifted location with a pilot sequence; and 
determining if the correlation results exceed a predetermined threshold. 
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5. The method of claim 4, further comprising, if the correlation results do not 
exceed the threshold: 

determining whether all the significant path rays have been analyzed; and 
if so, initiating a complete search for the path ray locations. 

5 

6. The method of claim 1, wherein the steps are initiated when the receiver 
switches from a time reference of low accuracy to a time reference of high accuracy. 

7. The method of claim 6, further comprising, when switching from the time 

10 reference of low accuracy to the time reference of high accuracy, a step of calibrating the 
low accuracy time reference to the high accuracy time reference. 

8. The method of claim 7, wherein the step of calibrating includes averaging 
measurements of the ratio of clock cycles of the time reference of high accuracy to the 

15 clock cycles of the time reference of low accuracy. 

9. The method of claim 1, wherein the receiver is a cellular radio. 

10. An apparatus for detecting locations of path rays in a multi-path receiver, the 
20 apparatus comprising: 

a tracker for tracking the path rays for a predetermined amount of time; and 
a searcher for locating the path rays when the predetermined amount of time 
expires and the locations are lost. 

25 11. The apparatus of claim 10, wherein the searcher determines a probable 

location of a most significant path ray, shifts the location within a predetermined interval, 
and analyzes each shifted location to determine whether the shifted location corresponds 
to the actual location of the received path ray, wherein depending on the analysis results, 
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the search is completed or a probable location of next most significant ray is determined. 

12. The apparatus of claim 1 1, wherein if the shifted location corresponds to the 
actual location of the received path ray, the searcher locates the other path rays based on 

5 the knowledge of relative distances between the located path ray and the other path rays. 

13. The apparatus of claim 11, wherein the searcher analyzes each shifted 
location by correlating each shifted location with a pilot sequence and determining if the 
correlation results exceed a predetermined threshold. 

10 

14. The apparatus of claim 13, wherein if the correlation results do not exceed the 
threshold, the searcher determines whether all the significant path rays have been 
analyzed, and if so, initiates a complete search for the path ray locations. 

15 15. The apparatus of claim 10, wherein the tracking and searching are performed 

when switching from a time reference of low accuracy to a time reference of high 
accuracy. 

16. The apparatus of claim 15, wherein when switching from the time reference 
20 of low accuracy to a time reference of high accuracy, the time reference of low accuracy 

is calibrated to the time reference of high accuracy. 

17. The apparatus of claim 16, wherein the calibration includes averaging 
measurements of the ratio of clock cycles of the time reference of high accuracy to the 

25 clock cycles of the time reference of low accuracy. 



18. The apparatus of claim 10, wherein the receiver is a cellular radio. 
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ABSTRACT 

Locations of path rays in a multi-path channel receiver having multiple time 
references are detected, e.g., when the receiver switches time references. Locations of 
received path rays are searched for and determined. The locations are tracked for a 
5 predetermined amount of time. If the locations are lost after a predetermined amount of 
time, a new search for the locations of the received path rays is initiated. The searching 
may include determining a probable location of a most significant path ray, shifting the 
location within a predetermined interval, analyzing each shifted location to determine 
whether the shifted location corresponds to the actual location of the received path ray, 

10 and depending on the analysis results, completing the search or determining a probable 
location of a next most significant ray. The analysis may be performed by correlating 
each shifted location with a pilot sequence and determining if the correlation results 
exceed a predetermined threshold. If the correlation results do not exceed the threshold, a 
determination is made whether all the most significant path rays have been analyzed, and 

15 if so, a complete search for the path ray location is initiated. When switching from a time 
reference of low accuracy to a time reference of high accuracy, the low accuracy time 
reference may be calibrated to the high accuracy time reference based on averaged 
measurements of the ratio of clock cycles of the time reference of high accuracy to the 
clock cycles of the time reference of low accuracy. 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to Provisional and PCT International Applications) 



ATTORNEY'S DOCKET NUMBER 

040070-990 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

Method and Apparatus for Fast Detecting of Locations of Path Rays in a Receiver Having Multiple Time References 



the specification of which (check only one item below): 

S3 is attached hereto. 

□ was filed as United States application 

Number 

on 

and was amended 

on (if app licable). 

was filed as PCT international application 

^7 Number 

on 

m and was amended under PCT Article 19 and/or PCT Article 34 
: il on (if app licable) . 

3 I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
ij amended by any amendment referred to above. 

^ I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as defined in Title 37, 
jf Code of Federal Regulations, § 1.56. 

□ I hereby claim foreign priority benefits under Title 35, United States Code, §§ 119 (a)-(e) of any foreign application(s) for patent 
or inventor's certificate or of any PCT international application(s) designating at least one country other than the United States of 
America listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of America filed by me on the same 
subject matter having a filing date before that of the application(s) of which priority is claimed: 



PRIOR FOREIGN/PCT APPLICATION^) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119: 



COUNTRY 
(if PCT, indicate "PCT") 


APPLICATION NUMBER 


DATE OF FILING 
{day, month, year) 


PRIORITY CLAIMED 
UNDER 35 U.S.C. § 119 








_Yes _ No 








_Yes _ No 








_Yes _ No 








_ Yes No 








_ Yes _ No 



I hereby claim the benefit under Title 35, United States Code § 119(e) of any United States provisional application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY (CONTINUED) 
(Includes Reference to Provisional and PCT International Applications) 



ATTORNEY'S DOCKET NO. 

040070-990 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States applications(s) or PCT international 
applications) designating the United States of America that is/are listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 
35, United States Code, § 112, I acknowledge the duty to disclose to the Office all information known to me to be material to the 
patentability as defined in Title 37, Code of Federal Regulations § 1.56, which became available between the filing date of the 
prior application(s) and the national or PCT international filing date of this application: 


PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 120: 


U.S. APPLICATIONS 


STATUS (check one) 


U.S. APPLICATION NUMBER 


U.S. FILING DATE 


PATEN 1 fcD 


PENDING 


ABANDONED 
































PCT APPLICATIONS DESIGNATING THE U.S. 








PCT APPLICATION NO. 


PCT FILING DATE 


U.S. APPLICATION NUMBERS 
ASSIGNED (if any) 













































fllhereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent and 
{trademark Office connected therewith and to file, prosecute and to transact all business in connection with international applications 
greeted to said invention: 



William L. Mathis 17,337 

Robert S. Swecker 19,885 

Platon N. Mandros 22,124 

Benton S. Duffett, Jr. 22,030 

Norman H. Stepno 22,716 

Ronald L. Grudziecki 24,970 

Frederick G. Michaud, Jr. 26,003 

AlanE. Kopecki 25,813 

Regis E. Slutter 26,999 

Samuel C. Miller, IE 27,360 

Robert G. Mukai 28,531 

George A. Hovanec, Jr. 28,223 

James A. LaBarre 28,632 

E. Joseph Gess 28,510 

R. Danny Huntington 27,903 



Eric H. Weisblatt 
James W. Peterson 
Teresa Stanek Rea 
Robert E. Krebs 
William C. Rowland 
T. Gene Dillahunty 
Patrick C. Keane 
Bruce J. Boggs, Jr. 
William H. Benz 
Peter K. Skiff 
Richard J. McGrath 
Matthew L. Schneider 
Michael G. Savage 
Gerald F. Swiss 
Michael J. Ure 



30,505 
26,057 
30,427 
25,885 
30,888 
25,423 
32,858 
32,344 
25,952 
31,917 
29,195 
32,814 
32,596 
30,113 
33,089 



Charles F. Wieland III 
Bruce T. Wieder 
Todd R. Walters 
Ronni S. Jillions 
Harold R. Brown III 
Allen R. Baum 
Steven M. duBois 
Brian P. O'Shaughnessy 
Kenneth B. Leffler 
Fred W. Hathaway 



33,096 
33,815 
34,040 
31,979 
36,341 
36,086 
35,023 
32,747 
36,075 
32,236 



llllllllilll! 

21839 



and: Jennifer Pearson Wright, Registration No. 41,385; Michael A. Springs, Registration No. 41,322 
Address all correspondence to: 



21839 

Address all telephone calls to: 



Ronald L. Grudziecki 

Burns, Doane, Swecker & Mathis, l.l.p. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Jennifer Pearson Wright 



at (919) 941-9240. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fme or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY (CONTINUED) 
(Includes Reference to Provisional and PCT International Applications) 



ATTORNEY'S DOCKET NO. 

040070-990 



FULL NAME OF SOLE OR FIRST INVENTOR 
Roozbeh ATARIUS 


SIGNATURE / ,/n //K/^^ 


DATE 

o\/zo) o 0 


RESIDENCE ^ V V 
-fcifflii-rfhirpripn jA0rri\vt ^Mc , A/C, U$A 


CITIZENSHIP 
Swedish 


POST OFFICE ADDRESS „ 

Broakflrber Dr. MWsvfAt, MC,ZT-6^a USA 
Mirrilrmir-nr-Ti ^TPj 2iM 5fl Tmnrl. iSTrnrlm 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
Erik DAHLBACK 


SIGNATU^E^ 


DATE 


RESIDENCE 

„ a VB . ^^Bfc€^ 

M ill mo, Swcdon 


CITIZENSHIP 
Swedish 


POST OFFICE ADDRESS ^ ^ ^ ^ 
Andreegatan7A» SE 221 19 Malmo, Sweden ^ L' M kCT~^ ^ B L_- f\J^ 5^ ; Sc ~ V 0 /V ^^^sl£W,r6 


FULL NAME OF THIRD JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


MP ULL NAME OF FOURTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


fpSIDENCE 


CITIZENSHIP 


30ST OFFICE ADDRESS 

•It? 


= ULL NAME OF FIFTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


□RESIDENCE 


CITIZENSHIP 


IMPOST OFFICE ADDRESS 


-fULL NAME OF SIXTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


SIGNATURE 


DATE 


RESIDENCE 


CITIZENSHIP 


POST OFFICE ADDRESS 
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